Multiepoch HST /WFPC2 images of g Carinae are used to investigate the relationship between the photometric variability of the circumstellar nebula and the variability of the central star. In the past few years, the central star has brightened considerably, and the response of the reÑection nebula to this brightening has been surprisingly complex. While the central star has brightened by a factor of 2 at near-ultraviolet and optical wavelengths, bright dust condensations in the bipolar lobes have increased by only a factor of D1.3, and dark lanes between these dust condensations have brightened by factors of 1.5È2. Certain regions of the nebula have brightened much more than the star itself (as much as a factor of 8), and others have actually faded, despite the brightening of the star. Some of the anomalous fading can be attributed to contributions of intrinsic [S III] and [N II] line emission. The variations of the equivalent width of [S III] j6312 and [N II] j6583 as measured in the WFPC2 F631N and F658N Ðlters follow the same trend of other high-excitation lines observed in ground-based spectra during g CarÏs 5.5 yr spectroscopic cycle, and the amplitude of the change accounts for the total change measured in ground-based spectra for these same lines. The WFPC2 images indicate, however, that these highexcitation lines are emitted by circumstellar gas at distances of a few hundred to a few thousand AU from the star, probably located in the equatorial plane. Thus, periodic ionization of gas at large distances from the central star appears to dominate the spectroscopic changes that deÐne the 5.5 yr cycle. The fact that the variable high-excitation emission is extended places important constraints on models for g CarÏs 5.5 yr spectroscopic variability.
INTRODUCTION
The enigmatic object g Carinae is an extremely luminous and unstable evolved massive star. Because it is near enough to be studied in unusual detail, it has accumulated an impressive list of observational and theoretical peculiarities . One of the most striking attributes is its temporal variability, which has been studied extensively in recent years from X-ray to radio wavelengths (see many contributions in Morse et al. 1999 ). g Car is best known for its Great Eruption in the 19th century (Humphreys, Davidson, & Smith 1999) , and the expanding bipolar "" Homunculus ÏÏ nebula that it created. The Homunculus consists of a pair of bipolar lobes separated by a ragged equatorial debris disk, Ðrst recognized in early Hubble Space T elescope (HST ) images (Humphreys & Davidson 1994 ) and high-resolution ground-based images (Duschl et al. 1995) . More recent Wide Field Planetary Camera 2 (WFPC2) imaging has produced some of the sharpest images obtained with HST and has revealed the intricate structure of the inner ejecta, the equatorial ejecta, and the dust condensations in the bipolar lobes (Morse et ÈÈÈÈÈÈÈÈÈÈÈÈÈÈÈ 1 Based on observations made with the NASA/ESA Hubble Space T elescope as part of programs 6041, 6501, and 8178, obtained al. 1998). The spectrum and polarization of regions in the Homunculus a few arcseconds away from the star reveal that it is primarily a reÑection nebula at optical and nearinfrared wavelengths (Thackeray 1956 (Thackeray , 1961 Hamann et al. 1994) . In the present discussion, we use multiepoch HST images to investigate how this circumstellar reÑection nebula reacts to the photometric variability of its central engine.
Previous investigations of g CarÏs photometric variability at optical and infrared wavelengths have used large apertures that measure light from the entire Homun-(Z20A) culus Nebula. Included in these large apertures is light from the unresolved central star (which su †ers considerable extinction before escaping from the nebula), radiation from nearby ejecta with bright emission lines (the "" Weigelt blobs ÏÏ and related emission-line objects in the core of the nebula), and scattered light from hundreds of small dust condensations (Morse et al. 1998 ).
An unexpected brightening of g Car was discovered in high-resolution spectra obtained in 1998 and 1999 with the Space Telescope Imaging Spectrograph (STIS) and was subsequently seen in ground-based photometry (Davidson et al. 1999a ). The optical Ñux from the central star increased by about a factor of 2 during 1998, while the total brightness of the Homunculus seen in ground-based data increased by D30%. Recent multiepoch HST /WFPC2 images obtained with a consistent set of Ðlters allow us to reexamine this brightening. It is important to conÐrm the previous results with spatially resolved imaging photometry, so that we can investigate the discrepancy between the large-and small-aperture measurements. The highresolution HST /WFPC2 images allow us to document the photometric variation of the unresolved central star and the e †ect this brightening has on the network of numerous small condensations that make up the Homunculus Nebula.
Several factors can complicate an investigation of this sort. At a distance of 2.3 kpc (Meaburn 1999 ; , photometric variations of the central star propagate out through the nebula with time delays as long as D120 days. This geometry-dependent delay is different for each condensation in the Homunculus. It is not clear whether the dark lanes in the Homunculus are regions of high extinction or holes ; analysis of optical and infrared data yield conÑicting results (Morse et al. 1998 ; Smith & Gehrz 2000) . Grains around g Car are unusual compared to normal interstellar grains ; they may be large and give rise to gray extinction over a wide range of wavelengths (Pagel 1969 ; Andriesse, Donn, & Viotti 1978 ; Whitelock et al. 1983 ; Davidson et al. 1995) . The photometric variation of each condensation also depends upon the distribution of material along its line of sight to the central star. Thermal infrared emission from warm dust suggests that the bipolar lobes are hollow (Hackwell, Gehrz, & Grasdalen 1986 ; Smith et al. 1995 ; Smith, Gehrz, & Krautter 1998) , but a complex distribution of equatorial material inside the Homunculus may project shadows on ejecta at larger distances (Rigaut & Gehring 1995 ; Smith et al. 1998 ; Smith & Gehrz 2000 ; . Structures in the core of the nebula appear to undergo morphological changes in recent near-infrared emission-line and continuum images (Smith & Gehrz 2000) . Finally, the Homunculus is primarily a reÑection nebula at optical wavelengths, but localized intrinsic line emission may also be important, especially in the core of the nebula. In°2 we discuss the HST /WFPC2 observations, and in°3 we present the photometric changes. These variations are compared to other observations in°4, where we discuss implications for the nature of g CarÏs variability.
OBSERVATIONS
We obtained images of g Car using the Planetary Camera (PC) chip of the HST /WFPC2 at various times from 1994 to 1999 (see Table 1 June 12. In addition to the stellar continuum, the F336W Ðlter includes numerous lines from Fe`, which may be partially responsible for the "" blue glow ÏÏ in color images of the Homunculus (Morse et al. 1998 ). The F631N Ðlter was intended to sample the line-free red continuum of g Car, since oxygen is absent in the spectrum (Thackeray 1961) . However, this Ðlter may include a signiÐcant contribution from [S III] j6312, which varies in g CarÏs 5.5 yr spectroscopic cycle. Finally, the F658N Ðlter samples emission from [N II] j6583 but also includes some emission from high-velocity redshifted Ha emission. Uncertain contributions from line emission may factor in the observed brightness Ñuctuations in these Ðlters and will be discussed below. Our data reduction procedure was described in detail by Morse et al. (1998) . The processed and Ñux-calibrated images at the di †erent epochs were registered using several Ðeld stars. The Homunculus Nebula is expanding at a rate of D0.6% yr~1, causing noticeable di †erences from one epoch to the next owing to proper motion of the ejecta. Here we are concerned primarily with photometric variation in the nebula rather than kinematics, so the 1994, 1995, and 1997 images were expanded to correct for the proper motion of condensations in the nebula, assuming that all material was ejected in the Great Eruption of 1843. If the equatorial ejecta contain material that is older or younger than the rest of the Homunculus (Zethson et al. 1999 ; , there may be corresponding anomalies observed in the relative Ñuxes for some condensations. After expanding the images from earlier epochs to match the size of the 1999 images, we investigated photometric variations within the nebula by constructing Ñux ratio images, which compare the 1999 Ñux to an earlier epoch. These are presented in Figures 1, 2 , and 3.
The 1999/1994 F336W Ñux ratio map is shown in Figure  1b , the 1999/1995 F631N map in Figure 1c , and the 1999/ 1995 F658N Ñux ratio map in Figure 1d . Before division, background pixels in the 1999 images (with values below 1.5 ] 10~18 ergs s~1 cm~2 were set to a value of zero. A ~1) To aid the association of features in the Ñux ratio maps with more familiar structures in the Homunculus, the HST image of g Car taken in 1999 with the F631N Ðlter is also shown at the same scale. Figure 2 is identical to Figure 1 , but with a smaller Ðeld of view, showing the environment of the central star and the fan in greater detail. Figure 3 shows the 1999/1997 Ñux ratio maps for the F336W and F631N continuum Ðlters (g Car was not observed with the WFPC2-PC chip through the F658N Ðlter in 1997), which are similar to Figures 1 and 2 . When examining the ratio images in Figures 1, 2 , and 3, the reader should be aware of a few image processing artifacts that are present in the images. Because the central star is much brighter than the surrounding Homunculus, faint di †raction spikes from the HST point-spread function can be seen in Figure 1a . Although the spikes are barely noticeable in the original images, they have a stronger e †ect in the ratio images because the orientation of the di †raction spikes at di †erent epochs is not the same. Since the star was much brighter in 1999 than at earlier epochs, the main artifact is a positive enhancement of the Ñux ratio in Figures 1, 2 , and 3, corresponding to the orientation of the di †raction spikes in 1999. Another artifact extends across the northwest polar lobe at a position angle of D345¡ relative to the central star. This feature corresponds to a region of lower signal-to-noise ratio in the original images, where shorter exposures had been patched into longer exposures to correct for saturated pixels. Aside from these two artifacts, the HST images are of high quality and are sufficient to study photometric variations of individual condensations.
We investigate the relationship between the variability of the star and the surrounding nebula by measuring the integrated Ñux through several di †erent sized apertures in each Ðlter and at each epoch. The results of the aperture photometry are shown in Figures 4a, 4b , and 4c for the F336W, F631N, and F658N Ðlters, respectively. In Tables 2 and 3 , we also summarize the photometry measured with the smallest diameter) and largest (20A diameter) apertures, (0A .14 respectively. These correspond to the observed Ñuxes of the central star and the integrated Ñux from the whole Homunculus Nebula. To estimate photometric uncertainties, we measured the Ñuxes of bright Ðeld stars in each Ðlter, assumed to be nonvariable. The measured Ñuxes for these reference stars varied by no more than^4% in the F336W Ðlter,^6% in the F631N Ðlter, and^1% in the F658N Ðlter. In all cases, these errors are smaller than the plotting symbols used. We also note that the 1994 F336W and 1999 F631N images were partly a †ected by nonlinear response of the detector for a few pixels at the position of the central star. Examination of the starÏs emission proÐle in these images indicates that this has an e †ect on the measured Ñux that is smaller than the errors given above. 
CHANGES IN THE IMAGES
3.1. T he Central Star The bright central core of the Homunculus is composed of numerous individual compact sources, Ðrst resolved by ground-based speckle interferometry (Weigelt & Ebersberger 1986 ; Hofmann & Weigelt 1988) . Davidson et al. (1995 show that the central star (component A) has a broadline spectrum in high spatial resolution HST spectra, which is very di †erent from the narrow emission line spectra of the nearby condensations B, C, and D (the "" Weigelt blobs ÏÏ ; labeled in Fig. 2a) . Because of emission from these nearby ejecta, high spatial resolution observations are needed to investigate changes in the central star. Using HST /STIS spectra, Davidson et al. (1999a) show that the central star increased its optical Ñux by a factor of more than 2 during 1998. In Figure 5 we plot the Ñux of the central star as measured through a small diameter) aperture in the (0A .14 WFPC2 images for each Ðlter as a function of time and compare it to the blue and red continuum Ñuxes observed with STIS (from Table 1 of Davidson et al. 1999a) .
Both the WFPC2 imaging photometry and the STIS continuum measurements show a similar dramatic brightening of the central star during 1998. Between 1997 June and 1999 June, the Ñux from the central star increased by factors of 2.2 and 2.0 in the F336W and F631N Ðlters, respectively, and STIS data showed that during a similar time period the Ñux increased by factors of 2.4 and 2.2 at 4000 and 6800 A , respectively. Both sets of data therefore indicate that the brightening was more pronounced at shorter wavelengths ; this is an important point, and we shall return to it in°4.1. Furthermore, the contrast between the brightening of the central star and that of the surrounding nebula is more prominent in the F336W ratio image than either the F631N or F658N ratio images in Figures 1 and 2 . Although the two data sets are in general agreement (the star has brightened signiÐcantly), the Ñux increase appears more rapid in the STIS data. One possible explanation for this di †erence could be that the more dramatic brightening did not begin until after the 1997 WFPC2 data were obtained and just before the Ðrst STIS data were obtained in 1998. If the 1997 Ñuxes measured in WFPC2 images were "" moved ÏÏ to 1998, the rate of brightening would be in better agreement with the STIS data, but there would still be a drop in the Ñux level around 1998.0. This drop in Ñux may be real, since a small dip is seen in ground-based V -band photometry at the time of the spectroscopic event of 1998 (Davidson et al. 1999a) . The discrepancy may follow from the fact that the central wavelengths of the WFPC2 Ðlters do not overlap exactly with the continuum wavelengths measured with STIS by Davidson et al. (1999a) .
WFPC2 imaging photometry, which covers a longer time baseline than the STIS data, also shows that the brightening was more dramatic after 1998.0 than before. The gradual Table 1 of 0A .14 Davidson et al. (1999a) .
brightening before 1998 could possibly be due to dust clearing as the Homunculus expands, which is the commonly accepted explanation for the secular optical and near-IR brightening in large-aperture photometry over the last few decades (Whitelock et al. 1994) , as well as a gradual fading at D10 km (Smith et al. 1995 ; ).
Figure 5 also shows that the brightening of the central star in the F658N Ðlter from 1995 to 1999 followed the same general trend as in the F336W and F631N continuum Ðlters. Although the F658N Ðlter is intended to sample the [N II] line at j6583, for the central star the Ñux in this Ðlter is mainly due to the red wing of the strong Ha line (see Fig. 4 in Davidson et al. 1999b) . The F658N brightening shown in Figure 5 suggests that emission lines from the starÏs wind increased by an amount proportional to the continuum Ñux (i.e., the equivalent width remained constant). This is supported by HST /STIS spectra of the central star that will be published separately, which indicate that the equivalent width of the hydrogen emission lines in the starÏs wind did not change by more than about 10% during the recent brightening (see also Ðgures in Davidson et al. 1999a Davidson et al. , 1999b .
L arge-Aperture Photometry
Between 1994 and 1999, the integrated F336W (near-UV) Ñux from the Homunculus measured through a 20A diameter circular aperture increased by a factor of 1.31. Similarly, the F631N and F658N Ñuxes increased by factors of 1.46 and 1.42, respectively, since 1995. These are signiÐ-cantly less than those observed for the central star in the same Ðlters. A similar discrepancy was noted by Davidson et al. (1999a) , by comparing high spatial resolution STIS spectra of the central star and ground-based photometry.
Throughout its photometric history, the visual magnitude of g Car has been estimated by various methods, but all have measured the integrated Ñux from the entire Homunculus (at least since the Great Eruption). Figure 4 illustrates a rarely appreciated fact : the light observed directly from the central object contributes only a small fraction of the integrated Ñux of the Homunculus. Roughly 90% of the optical light we receive has been reprocessed by circumstellar dust and gas. Furthermore, the exact fraction that the star contributes to the integrated Ñux varies. In 1994 and 1995, the star contributed 3.1% in the F336W near-UV continuum Ðlter, 12.9% in the F631N red contin-Vol. 120 uum Ðlter, and 5.6% in the [N II] F658N Ðlter. In 1999, the starÏs contribution increased to 7.9%, 20.3%, and 9.5% in the F336W, F631N, and F658N Ðlters, respectively. The contribution of direct starlight to the integrated Ñux of the Homunculus increased by roughly a factor of 2.5 in the near-UV and a factor of 1.6 in the optical. This, in turn, suggests that a decrease in reddening by circumstellar dust may be partially responsible for the starÏs brightening (see°4 .1).
The fact that the photometric variability of the central star exhibits a stronger contrast than that of the integrated Ñux from the Homunculus, and that these photometric variations appear to be "" smeared out ÏÏ in large-aperture photometry, must be considered when interpreting groundbased photometry. If the Homunculus has been able to mask the optical variability of the central star, do we need to reexamine the historical light curve ? For instance, what consequences might this have for g CarÏs lesser eruption in 1890 ? This dilution e †ect may also bias our interpretation of the light curves of extragalactic g CarÈlike variables, such as V12 in NGC 2403 and SN 1961v in NGC 1058 Filippenko et al. 1995) , if they are surrounded by circumstellar ejecta.
T he W eigelt Blobs and Ejecta Near the Star
The Weigelt blobs are small, dense cm~3 ; (n e Z 107 Davidson et al. 19951997 ) knots of dust and gas within D500 AU of the star in its equatorial plane. Proper motions suggest that they might have been ejected by the star during the 1890 eruption . Objects B, C, and D have narrow forbidden-line spectra very di †erent from the central star (Davidson et al. 1995 . HST imaging reveals numerous other condensations near the star, and the central object itself is not a point source Morse et al. 1998 ).
Object B is too close to the central star to provide reliable photometric information (it overlaps the wings of the central starÏs point spread function in the WFPC2 images), but objects C and D seem well resolved. Inspection of the Ñux ratio images in Figure 2 reveals that the Weigelt blobs (C and D) have maintained nearly constant Ñuxes between 1994 Ñuxes between (F336W) or 1995 Ñuxes between (F631N, F658N) and 1999 Ñuxes between . Their 1999 Ñuxes between /1995 Ñuxes between or 1999 Ñuxes between /1994 ratios are within a few percent of unity (that is, they have faded by a few percent), and so they appear slightly darker than their immediate surroundings in Figures 2a, 2b , and 2c. It is strange that the Weigelt blobs have maintained nearly constant Ñuxes in the WFPC2 images, considering their apparent proximity to the star, which has brightened by a factor of D2. The uncertain geometric distribution of material near the star may be important in explaining the relationship between the changes in the star and those seen in the Weigelt blobs ; their brightness compared to the central star suggests that they see a very di †erent line of sight to the star than we do (Davidson et al. 1995 . Spatially resolved STIS spectra of the Weigelt blobs can better address these issues.
We also note that material very close to the star (within has brightened considerably (see Fig. 2 ). In the case [0A .1) of the F631N Ðlter, some of this surrounding material has brightened more than the star itselfÈas much as a factor of 3 increase in brightness from 1997 to 1999. It is tempting to associate this emission with new material (a shell ?) ejected during the 1998.0 spectroscopic event ; the implied velocities of several hundred km s~1 are not unreasonable. However, the certainty of this dramatic brightening is unclear ; it could depend partially on misaligned di †raction spikes or changes in the bright central starÏs point spread function. Thus, the brightening of the region immediately surrounding the star in the various Ðlters displayed in Figure 2 should be interpreted with caution. New observations with special high-resolution techniques, such as those used by Weigelt & Ebersberger (1986) , might be very useful.
Changes in the Homunculus
Flux ratio images in Figures 1È3 reveal that the response of the numerous condensations to the brightening of the central star is surprisingly complex. While the central star has brightened by roughly a factor of 2 in only a few years, various regions within the nebula that are supposed to be reÑecting light from the star have brightened (in some cases, much more than the star itself), remained constant, or have even become fainter. Even more bizarre is that some regions that have brightened in one Ðlter have faded in another. In this section we describe the photometric variations within the Homunculus nebula in each Ðlter, beginning with some general comments and then focussing on a few speciÐc regions.
General T rends
Since the integrated Ñux from the entire Homunculus nebula has increased by D30%È40%, we should expect bright regions of the nebula to show a similar increase. Most of the optical light from the bipolar lobes comes from numerous bright cells or condensations (see Fig. 1a ), and indeed these regions have increased uniformly across the face of the nebula in all three Ðlters. The increase in surface brightness of these cells as measured in the Ñux ratio images in Figure 1 is roughly 1.2 in the F336W Ðlter, and D1.3 in the F631N and F658N Ðlters. Also apparent in Figures 1È3 is that for all three Ðlters, the dark lanes in between the bright cells have increased their surface brightness more than the cells themselves. This increase is roughly a factor of 1.5, 2, and 1.7, in the F336W, F631N, and F658N Ðlters, respectively. Therefore, the dark lanes between the bright cells appear to mimic more closely the brightening of the central star.
Another interesting point, not obvious in Figures 1È3 , is that the changes in intensity observed in the F631N Ðlter have a larger dynamic range than those observed in the other two Ðlters. For individual pixels, the F631N 1999/ 1995 Ñux ratio ranges from as low as 0.4 for the black features in Figure 1c to more than a factor of D8 for some of the white areas in the equatorial ejecta a few arcseconds west of the star. For the F336W and F658N Ðlters, the Ñux ratio in Figure 1 ranges from D0.7 to D2.5. In both the F336W and F658N Ðlters, the star has brightened considerably more than any region of the nebula, but in the F631N Ðlter, the largest relative brightness Ñuctuations are seen in the equatorial ejecta a few arcseconds west of the star. Even though the brightening of the central star in the F631N Ðlter is comparable to the other Ðlters (a factor of D2) in Figures 1È3 , the central star is rather inconspicuous compared with the surrounding ejecta in the F631N Ñux ratio images. It is perplexing that some speciÐc regions of the nebula could have increased their apparent brightness by a factor of D8 when their illumination source only doubled its Ñux. This same region to the west of the star that has increased its F631N Ñux so dramatically shows a decrease in its near-UV Ñux between 1994 and 1999 (see Fig. 1a ). Poorly understood details of the geometry and ionization characteristics within the Homunculus may form the crux of this problem (see°3.5), but spectra of various regions in the circumstellar nebula are needed, especially the equatorial ejecta. It is also possible that the extinction toward the central star seen from di †erent vantage points within the nebula has decreased nonuniformly (perhaps due to grain destruction ;°4.1).
Careful comparison of the multiepoch images shows that certain gas and dust condensations appear or vanish with time. For example, a relatively inconspicuous clump of dust in the southeast polar lobe (located south and east 2A .7
1A .7 of the central star) disappeared in all the Ðlters between 1994 or 1995 and 1999 (see Fig. 1 ). (The fact that this trend is observed for the same feature in all three Ðlters argues against it being due to an artifact such as a cosmic ray.) This feature can easily be identiÐed as a black spot in Figures 1a,  1b , and 1c. The fact that this particular condensation disappeared, while its neighboring condensations showed no anomalous changes, may reveal clues to its threedimensional position within the nebula ; perhaps it is located inside or on the far side of the southeast polar lobe, allowing it to reÑect a di †erent line of sight to the central star than its neighboring condensations. A similar phenomenon might explain several small knots in the core of the Homunculus, which have appeared since 1995.
It is easy to see that the appearance or disappearance of certain features, as well as other photometric variations, might complicate proper motion studies of the expanding Homunculus. This may be relevant to discrepancies between proper motion measurements that use di †erent techniques and data sets (see discussion in Morse et al. 1999 ).
T he Northwest Fan
The "" fan ÏÏ (or "" paddle ÏÏ) feature extends from 1A to 4A northwest of the central star and is usually assumed to be approximately in the equatorial plane of the Homunculus (see Fig. 2a ). The "" blue glow ÏÏ in optical WFPC2 images (Morse et al. 1998 ) and very peculiar HST spectra observed at a few speciÐc locations (Zethson et al. 1999) suggest that intrinsic emission lines contribute signiÐcantly to the light detected in the WFPC2 Ðlters used here (especially in the F336W Ðlter), despite the fact that most of the Homunculus is a reÑection nebula. There are several reasons to suspect that some of the peculiarities of this feature arise because it represents a "" hole ÏÏ in the equatorial ejecta and that its line of sight to the star su †ers less extinction than other regions of the Homunculus (see Morse et al. 1998 ; Smith et al. 1999 ; Zethson et al. 1999) .
Figures 1È3 show that the brightest part of the fan in optical images (located 2.5AÈ4A from the star) does not show any peculiar behavior compared to other bright cells in the polar lobes of the Homunculus. In fact, its structure can hardly be distinguished in the Ñux ratio images in Figures  1d, 2d, 3a , and 3b. Like the other bright cells in the Homunculus, it has brightened by factors of 1.2È1.3 in the various WFPC2 Ðlters, suggesting that the light from the brighter part of the fan is stellar light or nebular emission near the star that is scattered by dust grains, rather than intrinsic emission.
Regions of the fan closer to the central star, on the other hand, show some remarkable peculiarities. The base of the fan, located to the northwest of the star, consists of 1AÈ2A .5 several bright compact blobs and Ðlaments in the F631N and F658N Ðlters, as well as the blue glow in the F336W Ðlter. The Ðlaments and blobs faded in both of the red Ðlters from 1995 to 1999, seen clearly in Figures 2c and 2d . The fact that these have faded in this time period probably indicates that they are seen in intrinsic emission from [S III] and [N II] in the F631N and F658N Ðlters, respectively (see arguments in°3.5). These compact emission blobs may be counterparts of the slow ejecta with peculiar emission characteristics observed by Zethson et al. (1999) . The blue glow in the F336W Ðlter has maintained nearly constant Ñux at all epochs, showing a brightening of only 5%È10% in Figures 2b and 3b . It appears rather smooth in the F336W Ñux ratio images, especially in the 1999/1997 Ñux ratio image in Figure 3b , where the blue glow is part of a uniform Ñux ratio area within a few arcseconds over a large range of position angles around the star. This entire region is bright in the infrared [Ne II] line at 12.8 km . If this region is dominated by Fe II lines in the near-UV Ðlter, it suggests that the Ñux of these lines has not changed much over the last few years.
A Circumstellar T orus
Infrared (1È20 km) observations reveal complex structure in the core of the Homunculus not observed at optical wavelengths. The infrared-bright core region is elongated perpendicular to the major axis of the Homunculus, and bright thermal infrared peaks within D1A to the northeast (the northeast condensation) and southwest of the central object shift slightly to larger distances from the star at longer infrared wavelengths. Usually attributed to limb brightening in a warm dusty circumstellar torus, the northeast and southwest condensations were discovered in the 1970s by Hyland et al., and their mid-infrared properties have been discussed by several authors since then (Hyland et al. 1979 ; Hackwell et al. 1986 ; C. Smith et al. 1995 Polomski, Telesco, & 1999) . The Pin8 aet central infrared torus is also bright in near-infrared emission lines and scattered continuum light when seen at high resolution and shows a complex and clumpy toroidal structure at distances of D103 AU from the central star, which lacks azimuthal symmetry (Rigaut & Gehring 1995 ; Smith et al. 1998 ; Smith & Gehrz 2000) . These infrared structures have not been seen at optical wavelengths.
Although no features in individual WFPC2 images can be unambiguously identiÐed with circumstellar structures inside the Homunculus (other than the star and Weigelt blobs), we do see evidence for features associated with the infrared structures in the core when we examine changes in the optical HST images. The [N II] Ñux ratio image in Figure 1d clearly shows dark features within 2A on either side of the central star along a position angle of 45¡^5¡. These are nearly coincident with (but slightly closer to the star than) the northeast and southwest infrared condensations. The position angle of a line connecting the peaks of these northeast and southwest condensations is roughly perpendicular to that of the major axis of the Homunculus. These features have become fainter in the F658N Ðlter by about 50% between 1995 and 1999 and show a very di †er-ent behavior than the rest of the bright cells in the Homunculus, which appear to have brightened almost uniformly by D30%. The near-infrared Brc emission from these same condensations in the core of the Homunculus has also Vol. 120 fadedÈby about 65% between 1995 and 1998 (Smith & Gehrz 2000) . The fading appears more dramatic in the Brc Ñux because the 1998 near-infrared measurements were made closer to the spectroscopic event than the 1999 optical images.
The F631N ratio image in Figure 1c shows a similar fading along the same position angle but much closer to the star (within D1A) than in the F658N Ðlter. These regions that have faded in the F631N Ðlter may be the inner part of a larger circumstellar structure in the equatorial plane, containing the northeast and southwest infrared condensations and the regions that have faded in the F658N Ðlter. This same region shows anomalous optical polarization, which Falcke et al. (1996) interpret as evidence for an extended equatorial disk around g Car. The ionization characteristics of this torus or disk are discussed below in greater detail (see°3.5).
If the areas that faded in the F631N and F658N Ðlters really do correspond to emission from a circumstellar torus, then the present study would indicate that it is possible to learn more about these structures inside the Homunculus with spectroscopy at optical wavelengths. This would also imply that either the walls of the bipolar lobes are actually quite thin and that much of the extinction su †ered by the central star is local, or that the circumstellar torus is intrinsically a very bright feature such that it can be detected through several magnitudes of extinction from dust in the southeast polar lobe.
Emission L ines
It is difficult to understand how certain regions of the nebula could have faded between two epochs if they are scattering light from a central object that has brightened considerably during the same time period (we argue against a "" moving shadow ÏÏ hypothesis in°4.1). The fading is less difficult to understand if these regions are not scattering light from the star but are instead composed of ionized gas that is producing line emission detected in the WFPC2 imaging Ðlters. Thackeray (1961) noted that bright narrow emission lines are conÐned to the core of the Homunculus, and only the reÑected broad-line stellar spectrum is seen in the polar lobes. We attribute the fading of the circumstellar torus in the core of the Homunculus and speciÐc areas of the fan to intrinsic line emission in these regions. This appears to be a valid assertion, for several reasons that are described in more detail below (see also°4.2). In fact, previous spectroscopic and imaging studies indicate that the fan and core regions do show strong intrinsic line emission (Zethson et al. 1999 ; Morse et al. 1998 ; Smith & Gehrz 2000 ; Smith et al. 1998) .
Proceeding with this assumption, we can create a map of intrinsic line-emitting regions in the Homunculus by identifying areas that have faded in the same time period that the central star has brightened. The Ñux ratio images in Figures 1È3 show regions that have faded, but they are not ideal for investigating the intrinsic line emission because they only show the relative strength of the line emission at two di †erent epochs (for instance, a faint region of the Homunculus that changes by a factor of 10 would be prominent in Fig. 1 but may represent a much smaller change in absolute Ñux than a brighter region that changes by only 1%). Perhaps a better method of creating an intrinsic line emission map is with the subtraction images shown in Figure 6 because these images show the strength of the line emission. Of course, an important point to remember is that such a map will not necessarily locate all the intrinsic line emission, but only those regions that have changed in an opposite sense from the star. In the gray-scale images in Figure 6 , the dark regions indicate reÑected light, and the white areas highlight features with variable intrinsic line emission. The gray background regions in Figure 6 show essentially no change in the subtraction images (it is difficult to display residuals e †ectively in the background subtraction because of the large dynamic range of the subtraction images). Figure 6a shows the di †erence in the observed Ñux between 1994 and 1999 in the F336W (near-UV) Ðlter, Figure 6b shows the di †erence between 1995 and 1999 in the F658N Ðlter, and Figures 6c and 6d show the di †erence between the observed Ñux in the F631N Ðlter in 1995 and the observed Ñux in 1997 and 1999, respectively. The images in Figure 6 were all corrected for proper motion due to the expansion of the Homunculus, as described previously in°2.
Most of the Homunculus brightened in the near-UV between 1994 and 1999, but there are several knots around the core region (within D2A of the star) that appear to have faded. These most likely represent intrinsic Fe II emission from inside the core of the Homunculus that is seen through holes in the near side of the southeast polar lobe. Some features in the fan are also bright in Figure 6a and suggest intrinsic emission there. However, some of the brightest features in Figure 6a are adjacent to dark features, which may be the result of nonuniform proper motion rather than variable intrinsic emission. This e †ect is expected to some degree Zethson et al. 1999 ).
The WFPC2 Ðlter for which one might expect the strongest contribution from intrinsic emission lines is the F658N Ðlter ([N II] j6583 emission), since the outer ejecta of g Car are known to be nitrogen-rich (Davidson, Walborn, & Gull 1982) . Figure 6b reveals two regions of bright [N II] emission on opposite sides of the star (nearly coincident with the northeast and southwest infrared condensations discussed in°3.4.3 above), as well as several other small, bright [N II] condensations. These features have faded in the F658N Ðlter and cannot be dominated by scattered Ha emission (as is the starÏs spectrum) because the Ha equivalent width remained constant during the starÏs recent brightening (see°3 .1). Some smaller condensations bridge the gap between the bright northeast and southwest condensations, and the rest are found 1AÈ2A to the northwest of the star, in the fan. All of these [N II]Èemitting regions are presumed to be in the equatorial plane, although this is not certain. Some of the [N II]Èemitting condensations in the fan coincide roughly with high spatial resolution spectra that indicate strange radial velocities (Zethson et al. 1999) . Considering only gas that has faded in [N II] emission from 1995 to 1999, the total change in Ñux of the northeast condensation during this time period was 1.6 ] 10~13 ergs s~1 cm~2
and that of the southwest condensation was A ~1, 5.5 ] 10~13 ergs s~1 cm~2
The total change in Ñux for A ~1. all material that faded from 1995 to 1999 (including the numerous small condensations in the fan, etc.) was 7.9 ] 10~13 ergs s~1 cm~2
This change in the Ñux of A ~1. F631N Ðlter, 1997È1995 and 1999È1995. measurement represents the Ñux more than a year after the spectroscopic event, when emission lines had already started to recover. We therefore suspect that the maximum indicated by the WFPC2 images is more, perhaps 10 *W eq or 11 (the maximum for [S III] is D1.5 times strong-A *W eq er than the 1995È1999 value ; see below). If so, the inferred maximum in these images is more than enough to *W eq account for for this same line measured in *W eq \ 8.86 A ground-based spectra between the low-and high-excitation phases (Damineli et al. 1998 ).
The strong [N II] emission may indicate that g Car has ejected nitrogen-rich material in the equatorial plane and that the circumstellar torus discussed in°3.4.3 is therefore composed of CNO-processed material, although spatially resolved spectra are needed to measure the abundances. Most of the nitrogen-rich material (Davidson et al. 1982) observed much farther from the star in the "" outer ejecta ÏÏ was probably ejected several hundred years before the Great Eruption of 1843 (Walborn, Blanco, & Thackery 1978 ; Walborn & Blanco 1988) .
Some of the most surprising results from the emissionline maps in Figure 6 are seen in the F631N Ðlter, which was originally intended to avoid emission lines. Figures 6c and 6d reveal that this assumption was justiÐed for most parts of the Homunculus, which have brightened along with the star. However, bright intrinsic emission is seen within D1A to the northeast and southwest of the star and in certain isolated regions in the fan. Ground-based high-dispersion dynamical spectra presented by Wolf et al. (1999) show that the bandwidth of the F631N Ðlter (*j \ 6291È6321 A ) includes variable emission from [S III] j6312 and a much smaller contribution from Fe II j6317. We therefore assume that the bright areas in Figures 6c and 6d show similar variability in the same Ðlters. Note that the infrared-emitting torus discussed by Smith & Gehrz (2000) appears to have a gap between the star and the fan. A speculative suggestion is that the material at the base of the fan (including the blue glow) may be partially composed of gas that has recently escaped from the core region of the Homunculus (we have already mentioned that several investigators suggest the peculiarities of the fan may be due to a hole in the equatorial ejecta). If so, the base of the fan may hold important clues to the nature of the starÏs mass loss, and merits further investigation. Aside from the spectra discussed by Zethson et al. (1999) sic [S III] emission allows us to measure only changes in the equivalent width, so to plot these in Figure 7 , we arbitrarily set the 1997 to zero. This is supported by the fact that W eq the high-excitation lines were observed to reach a minimum during the spectroscopic event at the end of 1997 (Wolf et al. 1999) . In fact, the maximum we observe for [S III] *W eq j6312, can account for the total change in *W eq B 7 A , W eq between low-and high-excitation phases for both the broad and narrow components of this line measured by Damineli et al. (1998) , which is 5.15 A .
The brightest regions of intrinsic [N II] and [S III] emission are found along roughly the same position angle relative to the central star (D45¡, nearly perpendicular to the major axis of the Homunculus). The fact that [S III] emission comes from a region closer to the star and is a higher excitation line than [N II] suggests that the intrinsic emission seen in the WFPC2 di †erence images traces regions of di †erent excitation within the same circumstellar structure. This is most likely a Ñattened distribution of material in the equatorial plane, shared by the toroidal structures observed in the infrared (see discussion in°3.4.3). A schematic depiction of a cross section through this structure in the core of the Homunculus is shown in Figure 8 , where stratiÐed regions of ionized gas are found interior to the infrared dust torus. The fact that this extended gas shows variable ionization on timescales as short as a few years suggests that this gas is dense cm~3) and probably clumpy, not sur-(n e D 105 prising given the morphology of the intrinsic line emission in Figure 6 . Perhaps the ionized disk or torus depicted in Figure 8 is composed of numerous dense clumps like the Weigelt blobs seen closer to the star.
It is interesting to note that our assumption of intrinsic line emission from regions that faded in the WFPC2 images allows us to investigate spectroscopic changes in the circumstellar environment of g Car. Comparing the emission in multiepoch images also lets us probe the geometry inside the Homunculus, which was not possible with single-epoch optical images. The changes in the observed equivalent width of the intrinsic [N II] and [S III] emission from the core of the Homunculus indicate that these lines would contribute substantially to ground-based spectra. T he fact that this variable emission comes from an extended circumstellar structure with a size of several thousand AU is important for interpreting the observed variations in ground-based spectra. In fact, the variability of the extended circumstellar gas appears to dominate the 5.5 yr cycle. Some consequences are discussed in°4.2.
DISCUSSION
The photometric and spectroscopic changes exhibited by g Car and its surrounding nebulosity in WFPC2 images may result from two di †erent types of variability : (1) the recent brightening of the star (Davidson et al. 1999a) , and (2) the 5.5 yr spectroscopic cycle (Damineli 1996) . The relationships between each of these phenomena and the WFPC2 data are discussed below. Other than the fact that the brightening appears to have started near the beginning of the current spectroscopic cycle, there is no indication so far that these two types of variability are causally connected.
T he Recent Brightening
As noted in°°3.1 and 3.2, the WFPC2 imaging photometry conÐrms previous measures of the brightening of the central star and the Homunculus, but the multiepoch HST images also o †er new clues to the nature of the brightening.
The conventional explanation for brightening of stars such as g Car is that they undergo S DoradusÈtype eruptions (Humphreys & Davidson 1994) . In a normal S Dor eruption, the V -band Ñux increases because the star expands and cools at nearly constant luminosity, shifting its bolometric Ñux to longer wavelengths, and causing a brightening in the optical. Sterken et al. (1999) suggest that this sort of variability explains g CarÏs current behavior, but Davidson et al. (1999a) show that this interpretation is inconsistent with the fact that the central star appears to have brightened by roughly the same amount at blue and red wavelengths. The WFPC2 imaging photometry presented here conÐrms the brightening observed by Davidson et al. at optical wavelengths and also shows that the central star brightened considerably in the near-UV. As we note in°3
.1, the brightening of the star is nearly gray, but slightly more pronounced at shorter wavelengths. The central core of g Car has also brightened by a factor of D2 in the 2 km continuum between 1995 and 1998 (Smith & Gehrz 2000) . Evidently the brightening of the star is nearly wavelengthindependent from the near-UV to the near-infrared, indicating that the current outburst is not a normal S Dor eruption.
Since g Car is surrounded by numerous compact clouds of dust and gas, some of which are found along our line of sight, it is tempting to explain the current brightening by simply moving one of these clouds out of the way, thereby reducing the extinction toward the central star. Davidson et al. (1999a) , however, demonstrate the implausibility of this scenario based on the amount of angular momentum required for the transverse motion of such a cloud. The Ñux ratio images in Figures 1È3 also argue that this scenario is almost certainly wrong for a di †erent reasonÈnamely, scattered light from many di †erent locations in the Homunculus has also brightened in all three bandpasses, meaning that many other lines of sight to the central star see the brightening as well. This would not be the case if the observed brightening were due to the movement of a single dust cloud between g Car and the Earth.
Thus, after ruling out the above possibilities with perhaps slightly more conÐdence, we are left with the same two options as Davidson et al. (1999a) to explain the current brightening : either (1) the brightening is due to a real bolometric luminosity increase of the central star, or (2) for some reason the circumstellar extinction has decreased (possibly due to grain destruction ; see Davidson et al. 1999a ), or both (1) and (2).
Since most of the UV and visible Ñux from the central star is reprocessed by dust grains in the Homunculus, the best way to determine changes in the bolometric luminosity of g Car is with thermal infrared observations. Given the present data set, we Ðrst consider option (2) above. Davidson et al. (1999a) argue that grain destruction would be the most likely explanation for a decrease in circumstellar extinction. Circumstellar dust grains might be destroyed, or the dust formation zone in the wind moved to larger radii, if the starÏs e †ective temperature increased (producing more hard-UV photons with energy capable of destroying grains) or if the starÏs luminosity increased (bringing us back to option [1] above). Although no deÐnitive answers can be given here (further spectroscopic investigation is required), the WFPC2 data suggest that the starÏs e †ective temperature has not increased signiÐcantly. If the starÏs temperature had increased, we should expect a higher Ñux of ionizing photons. However, changes in the [S III] equivalent width actually suggest a net decrease over the last 4È5 yr (which can be attributed to g CarÏs spectroscopic cycle), and the starÏs Ha equivalent width has remained essentially constant. Instead of a dramatic temperature increase, the WFPC2 data suggest that the recent brightening is most likely due to a combination of an increase in luminosity and reduced extinction due to destruction of dust grains by that increased luminosity. The relative importance of these two e †ects in explaining the recent brightening is uncertain. An increase in the bolometric luminosity of the star would be remarkable in any case, since it was already expected to be very close to the Eddington limit . Whether the current brightening indicates that the star is undergoing a new giant eruption, or instead that the star is still adjusting from its Great Eruption of 1843, remains to be determined, and the consequences are beyond the scope of this paper.
T he Spectroscopic Cycle
Periodic "" spectroscopic events ÏÏ seen in g Car have been observed on several occasions, and these changes in the spectrum were usually attributed to shell ejections by the central star (e.g., Zanella, Wolf, & Stahl 1984 ; Bidelman, Galen, & Wallerstein 1993) . More recently, Whitelock et al. (1994) noted peaks in the near-infrared light curve that occur every D5 yr. Comparing the infrared light curve and several previously observed spectroscopic events, Damineli (1996) normally present in g CarÏs spectrum weaken or even disappear and then recover after the event (e.g., Zanella et al. 1984 ; Damineli et al. 1998 ; Wolf et al. 1999 ). This 5.5 yr periodicity is accompanied by dramatic variability in the X-ray emission from g Car . Furthermore, the radio continuum and near-IR recombination emission-line Ñuxes decrease during the events and strengthen between events, and morphological changes are seen in both the radio and near-infrared continuum (Duncan, White, & Lim 1997 ; Duncan et al. 1999 ; Smith & Gehrz 2000) . These changes indicate that the Ñux of ionizing photons that reach large distances from the star is periodic. Interpretations of g CarÏs periodicity remain controversial ; see several contributions and discussion in Morse et al. (1999) for varying descriptions and interpretations of the spectroscopic cycle and the most recent event at the end of 1997.
These recurring spectroscopic events in g Car o †er a possible explanation for some of the peculiar changes seen in the WFPC2 images. If the ionizing Ñux from the central star is stronger between spectroscopic events, as Zanella et al. (1984) conjectured, we should expect contributions from certain emission lines to reÑect these changes. SpeciÐcally, emission lines should be stronger in the 1994/1995 WFPC2 observations than in the 1997/1999 observations, since the latter are closer to the most recent spectroscopic event. We have demonstrated in°3.5 above, that indeed the Ñux from [S III] and [N II] faded from 1995 to 1999 as expected in this scenario, despite the factor of D2 continuum brightening of the central star during the same time period. Both lines show variability that is typical of high-excitation lines during g CarÏs spectroscopic cycle (Wolf et al. 1999) . The changes in equivalent width derived from our WFPC2 observations (Fig. 7) follow the trend observed in [S III] and other high-excitation lines that deÐne the spectroscopic events (Damineli 1996) . As noted in°3.5, the amplitude of the change in equivalent width for [S III] and [N II] can account for the changes observed in ground-based spectra during the 5.5 yr cycle (Damineli et al. 1998 ). This agreement suggests that our original assumption of intrinsic emission from [S III] and [N II] was valid.
It is very important to note that the WFPC2 images reveal variations of intrinsic emission from lines characteristic of g CarÏs spectroscopic cycle coming from regions of extended emission at distances of up to several thousand AU from the central star. In fact, the observed Ñux changes in the WFPC2 images seem to suggest that this variable extended emission actually dominates the changes observed in the intensity of high-excitation lines during the 5.5 yr cycle. This extended emission will contaminate groundbased spectra obtained with apertures of 1AÈ2A or more, such as those discussed previously (Damineli 1996 ; Damineli et al. 1998 ; McGregor, Rathborne, & Humphreys 1999 ; Wolf et al. 1999 ; etc.) . This has important implications for speciÐc binary models for g Car (e.g., Damineli, Conti, & Lopes 1997 ; hereafter DCL) , which presume that the observed changes result from eclipses in a close binary system. Several di †erent models invoke binarity to explain g CarÏs curious spectroscopic variability in X-ray to radio emission (again, see many contributions in Morse et al. 1999) ; in all these binary models, the size of the companionÏs orbit projected on the sky is much smaller than 1 WFPC2 pixel. Several such binary models utilize a speciÐc orbit proposed by DCL or variations of it (see also Davidson 1997 Damineli et al. 2000) . DCL and Damineli et al. (2000) report wavelength shifts of He I and Paschen lines, which they interpret as periodic radial velocity shifts indicating the orbital reÑex motion of the primary star. DCL use these radial velocities to construct a speciÐc orbit and derive masses and evolutionary states for the component stars. However, Davidson et al. (2000) show that with high spatial resolution STIS spectra, Paschen lines from the central star do not show the apparent radial velocity shifts needed for the proposed binary orbit. Thus, the radial velocities of Paschen lines measured in ground-based spectra must be inÑuenced by intrinsic emission originating elsewhere. The WFPC2 data indicate that forbidden lines at D1000 AU or more from the star are highly variable, and previous near-infrared imaging (Smith & Gehrz 2000) indicates that permitted hydrogen lines from the same region also show variation in intensity that follows the spectroscopic cycle. If Paschen emission lines originate in the same circumstellar gas, then these lines in ground-based spectra obviously cannot be used to measure the motion of the central star.
Every position in the core region of the Homunculus contains a mixture of a reÑected broad-line stellar spectrum and intrinsic narrow-line emission at a range of radial velocities, which together form a very complex emissionline proÐle (see Fig. 2 in McGregor et al. 1999) ; these components cannot be separated e †ectively in ground-based spectra. Even without extended intrinsic Paschen emission lines, Figure 4 indicates that ground-based observations are unsuitable for measuring the radial velocity of the star because in an aperture as small as 1A, direct light from the central star (or putative binary system) contributes only D10%È20% of the observed Ñux. The rest is scattered into the beam by expanding circumstellar dust and therefore su †ers an additional Doppler shift, altering the observed line proÐle. Our WFPC2 observations indicate that even in reÑected light, variations in illumination of the surrounding ejecta are nonuniform.
Independent of questions regarding radial velocity, our observations allow us to rule out binary models in which the variation in equivalent width of high-excitation lines is due to the eclipse of a hot companion star by the primary (e.g., DCL) because this type of model would require forbidden and permitted line variation to be localized at the position of the central star in HST images. After the spectroscopic event, Damineli et al. (2000) modiÐed the binary orbit model with an alternative suggestion : "" The immersion of the secondary star into the companionÏs wind prevents hard photons from reaching the external regions of the wind of the primary and the circumstellar gas.ÏÏ A qualitative scenario such as this is virtually indistinguishable from a shell ejection at large distances from the star, except perhaps for one important detail that makes it unlikely. At periastron, a hot companion star plunging into the primary starÏs wind would carve out a large cavity in its wake, allowing hard UV photons to escape the system unimpeded in a direction away from the primary. This would allow a large fraction of the high-excitation emission to persist through the spectroscopic event and would cause a "" searchlight ÏÏ beam of ionizing radiation to move through the circumstellar gas. However, Damineli et al.Ïs observations show that the equivalent width values of various high-excitation lines drop to nearly zero during the event, and our WFPC2 images show that the intensity variations of high-excitation lines in the circumstellar gas are roughly the same on opposite sides of the star. Such a model could possibly be adjusted with a favorable geometry, but this is less straightforward than assuming a simple shell ejection as the mechanism responsible for the spectroscopic events (Zanella et al. 1984 ; ), where we would expect the quenching of UV photons to be more isotropic.
If the observed emission-line variations are not caused by orbital reÑex motion or eclipses in a close binary system, then what causes them ? The present WFPC2 observations, as well as some previous observations, provide a possible explanation. Suppose the core region of the Homunculus contains a distribution of equatorial circumstellar material such as that depicted in Figure 8 . It appears that this extended material is periodically ionized out to a few arcseconds from the central star, with a larger ionized fraction in between spectroscopic events. This scenario is supported by radio continuum and near-infrared observations (Duncan et al. 1997 (Duncan et al. , 1999 Smith & Gehrz 2000) . These near-infrared images also show that extended emission lines from hydrogen, such as Brc, exhibit spatial and photometric variability similar to the extended optical emission lines in the WFPC2 images during the 5.5 yr cycle. SpeciÐcally, in the time period between spectroscopic events, the Brc Ñux from g Car is dominated by intrinsic emission in the circumstellar torus (Smith & Gehrz 2000) . Ground-based spectra would include emission from this extended material, and so periodic ionization of the circumstellar gas would contribute variable amounts of emission to the ground-based spectra. If this gas is moving at a range of radial velocities that are di †erent from that of the central star, its periodic illumination would change the shape of the line proÐle during the spectroscopic cycle. Including this emission in ground-based spectra could lead to illusory radial velocity determinations if it is interpreted as coming from the central star. This explanation would not necessarily invalidate the binary hypothesis for g Car, but it would invalidate existing orbit models and conclusions based upon them. Indeed, high spatial-resolution spectroscopy with STIS does not support existing binary orbit models (Davidson et al. 2000) . Whether or not the alternate explanation described above can explain the discrepancies in wavelength shifts measured with high and low spatial resolution depends on the particular radial velocity of the circumstellar gas and the total Ñux it contributes to ground-based spectra. The kinematics of the circumstellar torus have not yet been determined, but the variability of this structure in the optical WFPC2 images presented here suggests that this alternative explanation for the measured wavelength shifts and line proÐle variations can be explored using multiepoch optical spectra with high spatial resolution throughout the spectroscopic cycle.
The changes in emission-line Ñuxes from the extended regions around the star revealed in HST /WFPC2 images, as well as previous near-infrared and radio continuum maps, can be explained by variable amounts of hard-UV photons reaching the equatorial circumstellar gas. The mechanism that regulates the UV Ñux during the 5.5 yr cycle is not yet clear. A shell ejection triggered either by the starÏs inherent instability, or by tidal interaction with a companion, both might o †er plausible explanations Stothers 2000) .
Regarding the binarity question, a comment on the strict periodicity of the 5.5 yr cycle is relevant here. The nearconstant interval between observed spectroscopic events has been cited as evidence, perhaps even the main evidence, for a binary scenario (see, e.g., Damineli et al. 2000) . This argument is questionable on theoretical grounds because a thermal cycle, for instance, may conceivably have a reliable period. We note here, moreover, that the available data indicate serious departures from a constant period. The last three spectroscopic events (in 1986È1987, 1992, and 1997È1998) can be dated most precisely from brief spikes in the nearinfrared H-band Ñux and from minima in the He I emission lines. The H-maxima occurred around modiÐed Julian day numbers (MJDs) 46825, 48755, and 50790, with uncertainties of about^20 days (Whitelock et al. 1994 ; Whitelock & Laney 1999) . These indicate intervals of about 1930 days and 2035 days between the events. He I minima occurred near MJDs 46825, 48780, and 50815 (Damineli 1996 ; Damineli, Lopes, & Conti 1999 ; Damineli et al. 2000) , giving intervals of about 1955 and 2035 days. Evidently two successive cycles di †ered in length by about 3 months ; a 5% deviation like this would characterize an excellent geyser but only a poor clock ! Astronomers usually expect orbital phenomena to recur more precisely than that. Humphreys (1999) also noted a discrepancy between the dates of observed spectroscopic variations and the expected time of earlier events. Therefore the "" precise period ÏÏ argument for binarity has been greatly overstated.
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